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(57) ABSTRACT 

Structures and methods for making a magnetic structure are 

discussed. Various embodiments increase a magnetic ?eld to 
unambiguously select a magnetic memory cell structure. 
One method includes folding a current line into tWo portions 
around a magnetic memory cell structure. Each portion 
contributes its magnetic ?ux to increase the magnetic ?eld to 
unambiguously select the magnetic memory cell structure. 
Another method increases the ?ux density by reducing a 
cross-sectional area of a portion of the current line, Wherein 

the portion of the current line is adjacent to the to the 
magnetic memory cell structure. 
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STRUCTURE AND METHOD FOR TRANSVERSE 
FIELD ENHANCEMENT 

TECHNICAL FIELD 

[0001] This invention relates generally to magnetic struc 
tures. More particularly, it pertains to enhancing memory 
devices using magnetic material so that a desired memory 
cell is selected While other memory cells are unselected. 

BACKGROUND OF THE INVENTION 

[0002] A memory device is a device Where information 
typically in the form of binary digits can be stored and 
retrieved. Such a device includes dynamic random access 
memory (DRAM), static random access memory (SRAM), 
and ?ash memory. Despite being sloWer, DRAMs are more 
commonly used than other memory types because they can 
be fabricated in high density to store a large amount of 
information. SRAMs are usually reserved for use in caches 
because they can operate at high speed. Unlike both DRAMs 
and SRAMs, Which retain information as long as there is 
applied poWer, ?ash memory is a type of nonvolatile 
memory, Which Will keep information even if poWer is no 
longer applied. Flash memory is typically not used as main 
memory, hoWever, because its block-oriented architecture 
prevents memory access in single-byte increments. 

[0003] Another memory type has emerged that can be 
fabricated in high density, operated at high speed, and retain 
information even after poWer is no longer applied. This 
memory type is magnetic random access memory (MRAM). 
FIG. 1A is a block diagram shoWing a portion of an MRAM 
array 100 according to the prior art. The MRAM array 100 
includes a number of memory cells, such as memory cells 
10611 to 1063A, Which are arranged in a number of roWs 
(Word lines), 1041 to 1043, and a number of columns (bit 
lines), 1021 to 1024. Each of these memory cells 1061)1 to 
10634 stores information magnetically instead of electroni 
cally as in DRAMs, SRAMs, and ?ash memory. As an 
eXample, to select the memory cell 1062)3 for reading and 
Writing, a roW current ITOW is issued over the roW 1042 and 
a column current (I ) is issued over the column 1023. 

[0004] FIG. 1B is a partial cross-sectional isometric vieW 
of the portion of the MRAM array 100 according to the prior 
art. Each memory cell is sandWiched betWeen a portion of a 
roW and a portion of a column. RoWs and columns are 
formed from strips of conductive material. FolloWing the 
eXample above, When the roW current ITOW is present in the 
roW 1042, the magnetic ?eld Hy that is generated by this 
current partially selects memory cells 1062)1 to 1062A. When 
the column current ICO1 is present in the roW 1023, the 
magnetic ?eld HX that is generated by this current partially 
selects memory cells 1061)3 to 10633. Because memory cell 
1062)3 is eXposed to both magnetic ?elds (HX and Hy), it is 
fully selected for reading or Writing information. 

[0005] FIG. 1C is an exploded isometric vieW of the 
memory cell 1062)3 and a portion of the roW 1042 and the 
column 1023 according to the prior art. The roW current IIOW 
creates the magnetic ?eld Hy that comprises a magnetic ?uX 
line 108 and the column current ICO1 creates the magnetic 
?eld Hy that comprises a magnetic ?uX line 110. These 
magnetic ?uX lines, 108 and 110, change the dipolar orien 
tation of the memory cell (north or south) 10623. In this Way, 
by taking advantage of the dipolar nature of a magnetic 

col 
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material that comprises the memory cell 10623, a bit of 
information can be represented as a 0 or a 1. 

[0006] FIG. 1D is a graph shoWing the ferromagnetic 
nature of the memory cell 1062)3 according to the prior art. 
The graph shoWs a hysteresis loop 112, Which shoWs the 
relationship of induction B as a function of magnetic ?eld 
strength, H. With a suf?cient coercive ?eld HC applied to the 
memory cell 10623, the magnitude of the induction B rises 
until it levels off at a saturation induction, BS0. The coercive 
?eld HC is a combination of the magnetic ?elds HX and Hy. 
As the coercive ?eld Hc is removed by WithdraWing poWer 
to the memory cell 10623, much of the induction B is 
retained by dropping its magnitude to a remanent induction 
BO. This ability to retain the induction B even after poWer 
is no longer applied alloWs each memory cell of the MRAM 
array 100 to be nonvolatile. The induction B can be moved 
to another saturation induction, BS1 by the application of the 
coercive ?eld Hc. When poWer is again WithdraWn, the 
magnitude of the induction B drops slightly to settle at a 
remanent reduction Brl. A bit of information can be mag 
netically represented as a 0 or a 1 by forcing the induction 
B to settle at the remanent induction BIO or Brl. 

[0007] FIG. 1E is a graph shoWing the ferromagnetic 
nature of the memory cell 1062)3 as a relationship betWeen 
resistance R and coercive ?eld Hc according to the prior art. 
This relationship is shoWn as a hysteresis loop 114, Which 
illustrates that the memory cell 1062)3 eXhibits a high resis 
tance RH at one magnetiZed orientation (remanent induction 
BIO) and a loW resistance RL at another magnetiZed orien 
tation (remanent induction Brl). As a practical matter, it is 
less complicated to measure resistance to determine Whether 
a 0 or a 1 is being stored by the memory cell 1062)3 than to 
measure the induction B as shoWn in FIG. 1D. 

[0008] FIG. 1F is a graph shoWing the coercive ?eld HC 
that de?nes the relationship betWeen the magnetic ?eld Hy, 
Which is formed from the roW current IIOW, and the magnetic 
?eld HX, Which is formed from the column current ICO1 
according to the prior art. The shaded area 1160, Which is 
underneath the curve of the coercive ?eld HC de?nes a region 
Where the memory cell 1062)3 is partially selected but is not 
suf?ciently selected for reading and Writing information 
despite the application of one or both the magnetic ?elds HX 
and Hy. The area 1180, Which is above the curve of the 
coercive ?eld Ho, de?nes a region Where the memory cell 
10623 is fully selected because both the magnetic ?elds HX 
and Hy are of a suf?cient magnitude. The dashed line 120 
illustrates an application of both the magnetic ?elds HX and 
Hy at the same magnitude to select the memory cell 1062)3 
and to unselect (or partially select) memory cell 1062)3 When 
only one of the magnetic ?elds HX and Hy is applied. 

[0009] FIG. 1G is a graph shoWing a full-select probabil 
ity distribution 1181, Which represents a range of HX Where 
the memory cell is fully selected, and a partial-select prob 
ability distribution 1161, Which represents another range of 
HX Where the memory cell is partially selected, according to 
one embodiment of the present invention. The probability 
distribution 1181 re?ects the application of both the mag 
netic ?elds HX and Hy at the same magnitude to fully select 
the memory cell 10623. The probability distribution 1161, 
re?ects the application of only the magnetic ?eld HX but not 
Hy to unselect (or partially select) the memory cell 10623. As 
shoWn, a portion of the area under the probability distribu 
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tion 11$1 overlaps With a portion of the area under the 
probability distribution 1161. This overlapped area indicates 
that an ambiguity eXists in the process of selecting the 
memory cell 10623. For example, in certain circumstances, 
the memory cell 1062)3 may be fully selected even though 
only the magnetic ?eld HX is applied. This accidental selec 
tion of a memory cell may compromise the integrity of the 
data stored by the memory cells. 

[0010] Without a solution to unambiguously select a mag 
netic memory cell for reading and Writing information, 
consumers may question the reliability of this type of 
memory device, Which may lead to its eventual lack of 
acceptance in the marketplace. Thus, there is a need for 
structures and methods to increase the reliability of magnetic 
memory devices. 

SUMMARY OF THE INVENTION 

[0011] An illustrative aspect of the present invention 
includes various methods for increasing a magnetic ?eld to 
unambiguously select a magnetic memory cell structure. 
One method includes folding a current line into tWo portions 
around a magnetic memory cell structure. Each portion 
contributes its magnetic ?uX to increase the magnetic ?eld to 
unambiguously select the magnetic memory cell structure. 
Another method increases the ?uX density by reducing a 
cross-sectional area of a portion of the current line, Wherein 
the portion of the current line is adjacent to the magnetic 
memory cell structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1A is a block diagram shoWing a portion of 
an MRAM array according to the prior art. FIG. 1B is a 
partial cross-sectional isometric vieW of the portion of the 
MRAM array according to the prior art. FIG. 1C is an 
eXploded isometric vieW of a magnetic memory cell accord 
ing to the prior art. FIG. 1D is a graph shoWing the 
ferromagnetic nature of a memory cell according to the prior 
art. FIG. 1E is a graph shoWing the ferromagnetic nature of 
a memory cell as a relationship betWeen resistance R and 
coercive ?eld Hc according to the prior art. FIG. 1F is a 
graph shoWing the coercive ?eld HC that de?nes the rela 
tionship betWeen the magnetic ?eld Hy, Which is formed 
from the roW current IIOW, and the magnetic ?eld HX, Which 
is formed from the column current ICO1 according to the prior 
art. FIG. 1G is a graph shoWing a full-select probability 
distribution, Which represents a range of values for the 
magnetic ?eld HX Where the memory cell is fully selected, 
and a partial-select probability distribution, Which represents 
another range of values for the magnetic ?eld HX Where the 
memory cell is partially selected, according to one embodi 
ment of the present invention. 

[0013] FIG. 2A is a graph shoWing the coercive ?eld HC 
that de?nes the relationship betWeen the magnetic ?eld Hy, 
Which is formed from the roW current IIOW, and the magnetic 
?eld HX, Which is formed from the column current ICO1 
according to one embodiment of the present invention. FIG. 
2B is a graph shoWing a full-select probability distribution, 
Which represents a range of HX Where the memory cell is 
fully selected, and a partial-select probability distribution, 
Which represents another range of HX Where the memory cell 
is partially selected, according to one embodiment of the 
present invention. 
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[0014] FIG. 3A is a cross-sectional vieW of a magnetic 
structure according to one embodiment of the present inven 
tion. FIGS. 3B-3G are cross-sectional vieWs of a magnetic 
structure during processing according to one embodiment of 
the present invention. 

[0015] FIG. 4A is a cross-sectional vieW of a magnetic 
structure according to one embodiment of the present inven 
tion. FIGS. 4B-4F are cross-sectional vieWs of a magnetic 
structure during processing according to one embodiment of 
the present invention. 

[0016] FIG. 5A is a cross-sectional plan vieW of a mag 
netic structure according to one embodiment of the present 
invention. FIG. 5B is a cross-sectional plan vieW of a 
magnetic structure according to another embodiment of the 
present invention. FIGS. 5C-5G are cross-sectional plan 
vieWs of a magnetic structure during processing according to 
one embodiment of the present invention. 

[0017] FIG. 6 is a block diagram of a computer system 
according to one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] In the folloWing detailed description of various 
embodiments of the invention, reference is made to the 
accompanying draWings, Which form a part hereof, and in 
Which are shoWn, by Way of illustration, speci?c embodi 
ments in Which the invention may be practiced. In the 
draWings, like numerals describe substantially similar com 
ponents throughout the several vieWs. The lateral siZes and 
thicknesses of the various layers are not draWn to scale and 
these various layers or layer portions are arbitrarily enlarged 
or reduced to improve draWing legibility. These embodi 
ments are described in sufficient detail to enable those 
skilled in the art to practice the invention. Other embodi 
ments may be utiliZed and structural, logical, electrical, and 
other changes may be made Without departing from the spirit 
or scope of the present invention. The folloWing detailed 
description is, therefore, not to be taken in a limiting sense. 

[0019] FIG. 2A is a graph shoWing the coercive ?eld HC 
that de?nes the relationship betWeen the magnetic ?eld Hy, 
Which is formed from the roW current IIOW, and the magnetic 
?eld HX, Which is formed from the column current I001, 
according to one embodiment of the present invention. FIG. 
2B is a graph shoWing a full-select probability distribution 
1221, Which represents a range of HX Where the memory cell 
is ?lly selected, and a partial-select probability distribution 
1161, Which represents another range of HX Where the 
memory cell is partially selected, according to one embodi 
ment of the present invention. The area 1220, Which is above 
the curve of the coercive ?eld Hc, de?nes a region Where the 
memory cell is fully selected because both the magnetic 
?elds HX and Hy are of a suf?cient magnitude. 

[0020] Unlike the prior art, the full-select probability 
distribution 1221 is separated from the partial-select prob 
ability distribution 1161, so that any memory cell can be 
unambiguously selected. Various embodiments of the 
present invention separate the probability distributions 1221 
from 1161 by increasing the magnetic ?eld Hy to a level HyH 
While loWering the magnetic ?eld HX to a level HXL. Recall 
that the magnetic ?eld Hy is generated from the roW current 
ITOW Thus, one technique to increase the magnetic ?eld Hy is 
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to increase the roW current IIOW. However, depending on the 
material that is used to form a Word line in Which the roW 
current ITOW ?oWs, an increased roW current ITOW may cause 
electromigration. Other problems associated With an 
increased roW current ITOW include increased poWer dissipa 
tion and heat. 

[0021] The embodiments of the present invention avoid 
the need to increase the roW current IIOW yet still manage to 
increase the magnetic ?eld Hy by various methods. These 
methods are illustrated beloW using magnetic structures. 
One such magnetic structure is shoWn by FIG. 3A, Which 
illustrate one method to increase the magnetic ?eld Hy. 
Another method is shoWn by magnetic structures illustrated 
in FIGS. 4A and 5A. 

[0022] FIG. 3A is a cross-sectional vieW of a magnetic 
structure 300 according to one embodiment of the present 
invention, Which presents one method to increase the mag 
netic ?eld Hy. The steps to fabricate the magnetic structure 
300 are illustrated in FIGS. 3B-3G, Which are discussed 
hereinbeloW. The magnetic structure 300 includes a sub 
strate 302 in Which a conductive line 304 is formed to 
conduct a roW current IIOW. A number of memory cells, such 
as 3101, 3102, and 3103, are fabricated on the conductive 
line 304. For the sake of brevity, these memory cells, 3101, 
3102, and 3103, may include multiple layer memory cells but 
are not shoWn here so as to focus on the embodiments of the 

present invention. These memory cells, 3101, 3102, and 
3103, are electrically isolated from one another and struc 
turally supported by a layer of nonconductive material 308. 
Another conductive line 312, Which is to further conduct the 
roW current IIOW, is fabricated on the nonconductive layer 
308 and the memory cells 3101, 3102, and 3103. The 
conductive line 304 and the conductive line 312 are elec 
trically coupled together through a via 306 in Which a 
conductive material is ?lled. 

[0023] The magnetic structure 300 increases the magnetic 
?eld Hy by increasing the magnetic ?ux lines that couple the 
memory cells 3101, 3102, and 3103. To illustrate this, 
suppose the roW current ITOW ?oWs in the conductive line 304 
from left to right. Using the right-hand rule, a set of 
magnetic ?ux lines that are generated by the roW current ITOW 
can be visualiZed as a number of rings, Which encircle the 
conductive line 304 by entering into a page on Which FIG. 
3A is draWn at a certain distance beloW the conductive line 
304, and exit out of the page at a certain distance above the 
conductive line 304 to couple the memory cells 3101, 3102, 
and 3103. 

[0024] The roW current ITOW ?oWs from the conductive line 
304 to enter the via 306, and from the via 306, the roW 
current ITOW ?oWs in the conductive line 312 from the right 
to the left. Again using the right-hand rule, another set of 
magnetic ?ux lines encircles the conductive line 312 by 
entering into the page on Which FIG. 3A is draWn at a 
certain distance above the conductive line 312, and exits out 
of the page at a certain distance beloW the conductive line 
312 to couple the memory cells 3101, 3102, and 3103. The 
tWo sets of magnetic ?ux lines generated from the conduc 
tive lines 304 and 312 help to increase the magnetic ?eld Hy 
over the set of magnetic ?ux lines generated from the 
conductive line 304 alone. 

[0025] In alternative embodiments of the present inven 
tion, the magnetic ?eld coupling the magnetic memory cell 
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is increased by increasing the induction B. The magnitude of 
the induction B is the ?ux density, Which is in turn propor 
tional to the current density. Recall that the current density 
is de?ned as the magnitude of current per unit area or (I/A), 
Wherein I is the magnitude of current and A is the cross 
sectional area of the conductor in Which the current is 
conducting. Thus, increasing the current density conse 
quently increases the induction B. Based on the relationship 
betWeen current and cross-sectional area of the conductor, 
the current density can be increased by increasing the 
magnitude of the current or decreasing the cross-sectional 
area of the conductor, or both. Some embodiments of the 
present invention increase the induction B by decreasing the 
cross-sectional area of the conductor in the proximity of the 
magnetic memory cell. 

[0026] Across-sectional vieW of one such magnetic struc 
ture is illustrated in FIG. 4A as a magnetic structure 400. 
FIGS. 4B-4F, Which are discussed beloW, provide cross 
sectional vieWs of the magnetic structure 400 at various 
steps during its fabrication. Although only one memory cell 
310 is illustrated in FIG. 4A, it Will be appreciated that the 
present embodiment may be applied to an entire array of 
memory cells. As shoWn in FIG. 4A, the memory cell 310 
is formed on a conductive line 406 that can be visualiZed as 
extending into and out of the page on Which FIG. 4A is 
draWn. The conductive line 406 is itself formed in a substrate 
302, and is used to conduct a column current I001. A 
nonconductive layer 308 electrically isolates the memory 
cell 310 from adjacent memory cells (not shoWn), and 
provides a structure on Which subsequent layers are formed. 
Another conductive line 404 is formed on the nonconductive 
layer 308 and over a portion of the memory cell 310 that 
remains exposed through the non-conductive layer 308. The 
conductive line 404 is used to provide a roW current IIOW. As 
Will be described in more detail beloW, by forming the 
conductive layer 404 such that the resulting cross-sectional 
area of the portion passing over the magnetic cell is less than 
the cross-sectional area of the remaining portions of the 
conductive layer 404, a higher ?ux density, and conse 
quently, a higher magnetic ?eld Hy, is created in the region 
proximate to the memory cell 310. 

[0027] Another cross-sectional vieW of a magnetic struc 
ture 500 in Which the induction B is increased by decreasing 
the cross-sectional area of the conductor is shoWn in FIG. 
5A. FIGS. 5C-5G shoW a fabrication process at various steps 
that produces the magnetic structure 500. TWo memory cells, 
3101 and 3102, are shoWn but it should be appreciated that 
the present embodiment may be applied to an entire array of 
memory cells. FIG. 5B shoWs another cross-sectional vieW 
of another magnetic structure 501 that increases the induc 
tion B in a similar Way as shoWn in FIG. 5A except that the 
tWo memory cells, 3101 and 3102, instead of being fabri 
cated above are fabricated under the conductive line 504. 

[0028] The conductive line 504 is formed in a substrate 
302 to conduct a roW current IIOW. Because the conductive 
line 504 is fabricated under the tWo memory cells 3101 and 
3102, for clarity purposes the outline of the conductive line 
504 is shoWn as a dashed line underneath the memory cells 
3101 and 3102. The conductive line 504 has a Width W1 
beloW the memory cells 3101 and 3102 and another Width 
W2 over other sections of the magnetic structure 500 that are 
not beloW the memory cells 3101 and 3102. As illustrated in 
FIG. 5A, the Width W1 is less than the Width W2. Suppose 
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that the conductive line 504 has a uniform thickness, a 
cross-sectional area of the conductive line 404 is less than a 
cross-sectional area taken at other sections. As a result, the 
difference in the cross-sectional area helps to increase the 
magnetic ?eld Hy by increasing the induction B. As 
explained hereinabove, increasing the current density con 
sequently increases the induction B, and therefore, increases 
the magnetic ?eld Hy. 
[0029] FIGS. 3B-3G are cross-sectional vieWs of the mag 
netic structure 300 during processing according to one 
embodiment of the present invention, Which has been earlier 
summariZed in FIG. 3A. These Figures describe an embodi 
ment that increases the magnetic ?eld Hy by folding a 
conductive line around a memory cell to increase the mag 
netic ?ux. The discussion in FIGS. 3B-3G illustrates a feW 
of the steps associated With a fabrication process. The entire 
fabrication process is not discussed so as to focus on the 
embodiments of the present invention. Other methods of 
fabrication are also feasible and perhaps equally viable. 

[0030] FIG. 3B is a cross-sectional vieW of the magnetic 
structure 300 during the next sequence of processing accord 
ing to one embodiment of the present invention. The sub 
strate 302 can be fabricated from any suitable substances 
and compounds, such as lightly doped n-type or p-type 
material or a lightly doped epitaxial layer on a heavily doped 
substrate. Using a damascene process, a trench of about 
4000 to 5000 angstroms deep is etched into the substrate 
302, Which is folloWed by an electrochemical plating (ECP) 
process to deposit a highly conductive material, such as 
copper, and is ?nished off With a polishing process, such as 
chemical mechanical polishing (CMP), to level the copper 
over?ll. The result of the damascene process is the conduc 
tive line 304 as shoWn in FIG. 3B. As discussed above in 
FIG. 3A, this conductive line 304 Will be used to conduct a 
roW current (or Word line) to select a memory cell. 

[0031] FIG. 3C is a cross-sectional vieW of the magnetic 
structure 300 during the next sequence of processing accord 
ing to one embodiment of the present invention. A number 
of memory cells, such as 3101, 3102, and 3103, are fabricated 
over the conductive line 304. The fabrication process 
involves a number of photolithographic, etching, and depo 
sition steps to form the memory cells from a number of 
materials, such as seed materials, anti-ferromagnetic mate 
rials, ferromagnetic materials, tunneling materials, and bar 
rier materials. Because the fabrication process of the 
memory cells does not limit the present invention, such a 
process Will not be explained here in full so as to focus more 
clearly on the present embodiment. 

[0032] FIG. 3D is a cross-sectional vieW of the magnetic 
structure 300 during the next sequence of processing accord 
ing to one embodiment of the present invention in Which a 
noncondutive layer 308 is deposited, photolithographed, and 
etched to electrically isolate and structurally protect the 
memory cells 3101, 3102, and 3103. The same etching 
process also forms an opening 311 Which Will de?ne the via 
306 through the nonconductive layer 308. Asuitable dielec 
tric material for the nonconductive layer 308 includes silicon 
dioxide, but any other suitable dielectric materials may be 
used. A suitable deposition technique includes chemical 
vapor deposition and a suitable etching technique includes 
plasma etching. Other suitable deposition and etching tech 
niques may be used Without limiting the embodiments of the 
present invention. 
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[0033] FIG. 3E is a cross-sectional vieW of the magnetic 
structure 300 during the next sequence of processing accord 
ing to one embodiment of the present invention. A conduc 
tive material, such as tungsten, is deposited, photolitho 
graphed, and etched to form the via 306 from the opening 
311. Any suitable deposition technique, such as sputtering, 
and any suitable etching technique, such as a Wet etch, may 
be used. Other suitable deposition and etching techniques 
may be used Without limiting the embodiments of the 
present invention. 

[0034] FIG. 3F is a cross-sectional vieW of the magnetic 
structure 300 during the next sequence of processing accord 
ing to one embodiment of the present invention in Which a 
noncondutive layer 314 is deposited to electrically isolate 
and structurally protect the memory cells 3101, 3102, 3103, 
and the via 306. A suitable dielectric material for the 
nonconductive layer 314 includes silicon dioxide, but any 
other suitable dielectric materials may be used. A suitable 
deposition technique includes chemical-vapor deposition 
and a suitable etching technique includes plasma etching. 
Other suitable deposition and etching techniques may be 
used Without limiting the embodiments of the present inven 
tion. 

[0035] FIG. 3G is a cross-sectional vieW of the magnetic 
structure 300 during the next sequence of processing accord 
ing to one embodiment of the present invention. A dama 
scene process is applied to the nonconductive layer 314 to 
form a trench in the nonconductive layer 314 of about 4000 
to 5000 angstroms deep above the memory cells 3101, 3102, 
and 3103. This etching process is folloWed by an electro 
chemical plating process to deposit a highly conductive 
material, such as copper, and any over?lled conductive 
material is planariZed by a polishing process, such as chemi 
cal mechanical polishing. The result of the damascene 
process is the conductive line 312 as shoWn in FIG. 3G. As 
discussed above in FIG. 3A, this conductive line 312 
generates additional magnetic ?ux, Which together With the 
magnetic ?ux generated by the conductive line 304, help to 
increase the magnetic ?eld Hy Without increasing the roW 
current to select a memory cell. 

[0036] The process of fabricating the embodiment shoWn 
in FIG. 4A Will noW be discussed With respect to FIGS. 
4B-4F. The discussion in FIGS. 4B-4F illustrates a feW of 
the steps associated With a fabrication process. The entire 
fabrication process is not discussed so as to focus on the 
embodiments of the present invention. Other methods of 
fabrication are also feasible and perhaps equally viable. 

[0037] FIG. 4B illustrates the formation of a conductive 
line 406 in a substrate 302. The substrate 406 can be 
fabricated from any suitable substances and compounds, 
such as a lightly doped n-type or p-type material, a lightly 
doped epitaxial layer, or the like. The conductive line 406 
can be formed using a damascene process. That is, a trench 
having a depth of approximately 4000 to 5000 angstroms is 
?rst etched into the substrate 302. The trench is then ?lled 
With a conductive material, such as copper, and any over?ll 
is leveled With a polishing process, such as chemical 
mechanical polishing. 

[0038] FIG. 4C illustrates the formation of a multi-layer 
memory cell 310 on the conductive line 406. Abarrier layer 
408 of tantalum having a thickness of approximately 5 
nanometers is ?rst formed to inhibit diffusion of copper 
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atoms from the metal line 406. A layer 410 of nickel ferrite 
having a thickness of approximately 6 nanometers is formed 
over the barrier layer 408. Together, the layer 410 and the 
tantalum layer 408 act as a seed layer to orient the crystalline 
lattice structure of materials deposited on the nickel ferrite 
layer 410 to a particular orientation. For example, in one 
embodiment of the present invention, the seed layer pro 
vides a “111” crystalline orientation for subsequent layers. 

[0039] An anti-ferromagnetic layer 412 of a magnesium 
ferrite material With a thickness of about 10 nanometers is 
then formed on the nickel ferrite layer 410. The anti 
ferromagnetic layer 412 is fabricated on top of the nickel 
ferrite layer 410 to act as a pinning layer to pin any magnetic 
layer Which is formed thereon to a certain magnetic orien 
tation and inhibit the particular magnetic orientation from 
changing. Formed on top of the anti-ferromagnetic 412 is a 
ferromagnetic layer 414 of a nickel ferrite material. The 
ferromagnetic layer 414 has a thickness of approximately 6 
nanometers, and acts as a pinned layer having a ?xed 
magnetic orientation. A tunneling layer 416, through Which 
electrons are alloWed to tunnel so that a current can be 

measured to derive the resistance of the memory cell 310, is 
formed from a dialuminum trioxide layer having a thickness 
of approximately 1.5 nanometers, and deposited on the 
ferromagnetic layer 414. A sense layer 418 of nickel ferrite 
With a thickness of about 4 nanometers is formed on the 
tunneling layer 416 to act as a sense layer having a magnetic 
orientation that can be changed. Depending on the magnetic 
orientation of the ferromagnetic layer 418 With respect to the 
?xed magnetic orientation of the ferromagnetic layer 414, 
the resistance of the memory cell 310 can be measured, from 
Which a bit of information stored by the memory cell 310 
can be determined. The memory cell 310 is completed With 
another tantalum layer 420 having a thickness of about 5 
nanometers Which acts as a barrier layer in a manner similar 
to the tantalum layer 408 previously discussed. 

[0040] FIG. 4D illustrates the magnetic structure 400 
folloWing the formation of a nonconductive layer 308. A 
non-conductive layer is deposited over the memory cell 310 
and then planariZed to produce a level surface. As mentioned 
previously, the non-conductive layer 308 electrically isolates 
and structurally protects the memory cell 310. A suitable 
dielectric material for the non-conductive layer 308 includes 
silicon dioxide. HoWever, other suitable dielectric materials 
may be used as Well. In FIG. 4E, as part of a damascene 
process, an etching step has been used to form a trench 
approximately 4000 to 5000 angstroms deep in the non 
conductive layer 308 to expose at least a portion of the 
memory 310. As shoWn in FIG. 4E, the etching step exposes 
the barrier layer 420. It is recommended that the etching step 
should not etch beyond the boundary betWeen the tunneling 
layer 416 and the ferromagnetic layer 414. As shoWn in FIG. 
4F, folloWing the formation of the trench, a conductive 
material, such as copper, is deposited into the trench to form 
a conductive line 404. Any over?ll of the conductive mate 
rial is removed through a planariZation process, such as 
through chemical mechanical polishing. 

[0041] As a result of the upper surface of the conductive 
line 404 being relatively level, the depth D1 of the conduc 
tive line 404 in the region over the memory cell 310 is less 
than the depth D2 of the conductive line 404 in the region 
over the non-conductive layer 308. Consequently, because 
the Width (not shoWn) of the conductive line 404 is relatively 
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uniform, the cross-sectional area in the region proximate to 
the memory cell 310 is less than that for elseWhere along the 
conductive line 404. The region of decreased cross-sectional 
area provides a region along the conductive line 404 Where 
the current density, and hence the ?ux density, is increased 
to provide a region of increased magnetic ?eld strength to be 
coupled to the memory cell 310. 

[0042] The process of fabricating the embodiment shoWn 
in FIG. 5A is noW discussed With respect to FIGS. 5B-5G. 
The discussion in FIGS. 5B-5G illustrates a feW of the steps 
associated With a fabrication process. The entire fabrication 
process is not discussed so as to focus on the embodiments 
of the present invention. Other methods of fabrication are 
also feasible and perhaps equally viable. 

[0043] FIG. 5C is a cross-sectional plan vieW of the 
magnetic structure 500 shoWing the formation of a conduc 
tive line 504 in a substrate 302. The substrate 302 can be 
fabricated from any suitable substances and compounds, 
such as lightly doped n-type or p-type material or a lightly 
doped epitaxial layer on a heavily doped substrate. Using a 
damascene process, a trench of about 4000 to 5000 ang 
stroms deep is etched into the substrate 302, Which is 
folloWed by an electrochemical plating process to deposit a 
highly conductive material, such as copper, and is ?nished 
off With a polishing process, such as chemical mechanical 
polishing to level the copper over?ll. The result of this 
damascene process is the conductive line 504 having a 
certain Width W2. 

[0044] FIG. 5D is a cross-sectional plan vieW of the 
magnetic structure 500 during the next sequence of process 
ing in Which a photolithographic step is applied to form a 
mask 506 from a resist material. The mask 506 exposes 
certain portions of the conductive line 504 so that , these 
exposed portions of the conductive line 504 have a Width 
W1, Which is less than the Width W2. FIG. 5E illustrates the 
etching of the exposed portions of the conductive line 504. 
A suitable etching technique includes a dry etch process, 
such as plasma etching. Should a Wet etch process be 
desired, an organic solvent is recommended be used to etch 
aWay the exposed areas of the conductive line 504. FIG. 5F 
illustrates the stripping of the mask 506 using a solution, 
such as hydrochloric acid. Once the mask 506 is stripped 
aWay, What is remained is a patterned conductive line 504 
having tWo different Widths, W1 and W2. 

[0045] FIG. 5G illustrates the formation of a number of 
memory cells, such as memory cells 3101 and 3102, on 
various sections of the conductive line 504 that have the 
Width W1. These memory cells may have multiple layers, 
such as those discussed in FIG. 4C above. FIG. 5G is 
similar to FIG. 5A in that the memory cells are fabricated 
over the conductive line 504. HoWever, an equivalent struc 
ture is to fabricate the memory cells ?rst, Which is then 
folloWed by the fabrication of the conductive line 504, as 
shoWn in FIG. 5B. 

[0046] FIG. 6 is a block diagram of a computer system 
according to one embodiment of the present invention. 
Computer system 1000 contains a processor 1110 and a 
memory system 1102 housed in a computer unit 1105. 
Computer system 1100 is but one example of an electronic 
system containing another electronic system, e.g., memory 
system 1102, as a subcomponent. The memory system 1102 
may include a magnetic structure as discussed hereinabove 
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in various embodiments of the present invention. Computer 
system 1100 optionally contains user interface components. 
These user interface components include a keyboard 1120, 
a pointing device 1130, a monitor 1140, a printer 1150, and 
a bulk storage device 1160. It Will be appreciated that other 
components are often associated With computer system 1100 
such as modems, device driver cards, additional storage 
devices, etc. It Will further be appreciated that the processor 
1110 and memory system 1102 of computer system 1100 can 
be incorporated on a single integrated circuit. Such single 
package processing units reduce the communication time 
betWeen the processor and the memory circuit. 

[0047] Structures and methods have been discussed to 
address a desire to unambiguously select a particular 
memory cell for reading and Writing information. At least 
three embodiments of the present invention have been 
presented. All of these embodiments focus on increasing the 
magnetic ?eld Hy, Which is generated by the roW current 
(Word line). One of the embodiments focuses on increasing 
the magnetic ?uX by folding a conductive line, Which 
conducts the roW current. The other tWo embodiments focus 
on increasing the ?uX density by decreasing the cross 
sectional area of the conductive line. The embodiments of 
the present invention enhance the manufacturing of mag 
netic memory devices to produce more reliable products for 
consumers. 

[0048] Although the speci?c embodiments have been 
illustrated and described herein, it Will be appreciated by 
those of ordinary skill in the art that any arrangement Which 
is calculated to achieve the same purpose may be substituted 
for the speci?c embodiments shoWn. This application is 
intended to cover any adaptations or variations of the present 
invention. It is to be understood that the above description 
is intended to be illustrative, and not restrictive. Combina 
tions of the above embodiments and other embodiments Will 
be apparent to those of skill in the art upon revieWing the 
above description. The scope of the invention includes any 
other applications in Which the above structures and fabri 
cation methods are used. Accordingly, the scope of the 
invention should only be determined With reference to the 
appended claims, along With the full scope of equivalents to 
Which such claims are entitled. 

We claim: 
1. A magnetic structure, comprising: 

a magnetic memory cell structure having a top and a 
bottom; 

a ?rst conductive line to conduct a roW current to generate 
a magnetic ?eld to partially select the magnetic 
memory cell structure, the ?rst conductive line adjoin 
ing the bottom of the magnetic memory cell structure; 
and 

a second conductive line electrically coupled to the ?rst 
conductive line to conduct the roW current to increase 
the magnetic ?eld to partially select the magnetic 
memory cell structure, the second conductive line 
adjoining the top of the magnetic memory cell struc 
ture. 

2. The magnetic structure of claim 2, Wherein the ?rst 
conductive line has a ?rst terminal, a second terminal, a top, 
and a bottom, Wherein the top of the ?rst conductive line is 
adjacent to the bottom of the magnetic memory cell struc 
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ture, and Wherein the roW current enters the ?rst terminal 
and eXits the second terminal. 

3. The magnetic structure of claim 1, Wherein the second 
conductive line has a ?rst terminal, a second terminal, a top, 
and a bottom, Wherein the bottom of the second conductive 
line is adjacent to the bottom of the magnetic memory cell 
structure, and Wherein the roW current enters the second 
terminal and eXits the ?rst terminal. 

4. The magnetic structure of claim 3, further comprising 
a via and a conductive plug formed therein to couple the 
second terminal of the ?rst conductive line and the ?rst 
terminal of the second conductive line. 

5. The magnetic structure of claim 4, Wherein the ?rst 
conductive line, the second conductive line, and the via 
comprise copper. 

6. Amethod for forming a magnetic structure, comprising: 

forming a ?rst conductive line parallel a ?rst aXis having 
tWo terminals and tWo sides; 

forming a second conductive line parallel a second aXis 
having tWo terminals and tWo sides; and 

forming a magnetic memory cell structure having four 
sides, one of the four sides adjoining to one of the tWo 
sides of the ?rst conductive line, another of the four 
sides adjoining to one of the tWo sides of the second 
conductive line, the another of the four sides oppositely 
situated With respect to the one of the four sides. 

7. The method of claim 6, Wherein the ?rst aXis is parallel 
to the second aXis. 

8. The method of claim 6, Wherein forming a magnetic 
memory cell structure comprises forming a magnetic 
memory cell structure that is interposed betWeen the ?rst 
conductive line and the second conductive line. 

9. The method of claim 6, further comprising forming a 
via electrically coupling one of the terminals of the ?rst 
conductive line and to one of the terminals of the second 
conductive line. 

10. The method of claim 6, Wherein forming the magnetic 
memory cell structure includes multiple layers, each layer 
selected from a group consisting of a barrier layer, a seed 
layer, a pinning layer, a pinned layer, a tunneling layer, and 
a sense layer. 

11. A magnetic structure, comprising: 

a magnetic memory cell structure having multiple layers, 
the multiple layers including a ?rst ferromagnetic layer, 
a tunneling layer, and a second ferromagnetic layer; 

a nonconductive layer surrounding the magnetic memory 
cell structure to eXpose a portion of the multiple layers 
of the magnetic memory cell structure remaining 
eXposed through the nonconductive layer, the eXposed 
portion of the multiple layers including the tunneling 
layer; and 

a conductive layer for conducting a current to generate a 
magnetic ?eld to partially select the magnetic memory 
cell structure, the conductive layer formed superjacent 
the magnetic memory cell structure and the noncon 
ductive layer, the conductive layer adjoining the 
eXposed portion of the multiple layers of the magnetic 
memory cell structure. 

12. The magnetic structure of claim 11, Wherein the 
conductive layer includes a ?rst depth and a second depth 
having a magnitude less than the ?rst depth, the second 








